Introduction
As consumers seek tastier, healthier, safer and more nutritious pork, the quality of the meat has been improved. The pork quality is influenced by many genetic and non-genetic factors, therefore many studies have been focused on revealing the genetic background and describing various genetic factors (Lee et al., 2014) .
Pork is one of the most widely consumed meats in the world. For consumers meat tenderness, juiciness, flavour, texture assessed by pH, colour, intramuscular fat, moisture content, protein content, and sensory analysis are important parameters indicating product quality. Also, a number of candidate genes has been identified as potentially relevant to pork meat quality traits (Wang et al., 2012) . Knowledge about structural variations in genes and proteins relevant for fat traits is essential to improve selection of breeding lines and preserve genetic variability in pig industry (Kim et al., 2009) .
ABSTRACT. The objective of this study was to investigate the effect of single nucleotide polymorphisms in 4 different genes: growth hormone (GH), leptin (LEP), growth hormone releasing hormone (GHRH) and myogenic factor 5 (MYF5) on fattening and carcass traits in pigs. The polymorphisms of the porcine genes and their relationships with performance traits were analysed in 143 unrelated pigs, belonging to 5 different breeds (Lithuanian White, old-type Lithuanian White, Large White, Landrace and Yorkshire) and 3 groups of crossbreeds (Large White × Landrace, Yorkshire × Large White, Yorkshire × Pietrain). It was found, that MYF5 polymorphism (Y17154.1: g2200G>C) influenced fattening traits with the highest daily weight gain stated in CC genotype. The most preferable LEP polymorphism (TaqI) (U66254.1: g.1112G>A) was AG genotype with lower age to achieve 100 kg of body weight and average backfat thickness, and higher meatness and weight of ham. It was found that pigs with TT genotype in LEP polymorphism (HinfI) (U66254.1: g.3469T>C) had better carcass properties in comparison to other genotypes. These pigs had also the highest meatness and the lowest average backfat thickness. The preferable GHRH polymorphism (JX435113.1: g.405A>C) genotype was CC with the highest daily weight gain. The most desirable TT genotype of LEP polymorphism (HinfI) (U66254.1: g.3469T>C) was found with the highest frequency in Landrace breed. The highest frequency of the most desirable CC genotype of GHRH gene was found in Yorkshire pig breed. So, from all examined genes LEP and GHRH genes polymorphisms seem to be the most preferable biomarkers of pig selection process.
Many genes influencing pig fattening characteristics and carcass traits is known. However, since high qualitative and quantitative indicators are influenced by a number of genes and gene groups, which are not always expressed in the same way, it is necessary to assess the effect of separate genes and aggregated genotypes in specific populations and breeds of pigs before introducing them into selection programmes (Chikuni et al., 1997; Grochowska et al., 1999; Curi et al., 2005) .
Growth hormone (GH) is a 190-amino acid hormone which regulates growth, development and various metabolic activities. Particularly in pigs this gene controls growth and fat deposit (Song et al., 2003; Li et al., 2006) . The growth hormone gene (GH) is localized on chromosome pair 12 (in the p1.4 region) (Rejduch, 2008) . Growth hormone releasing hormone (GHRH) stimulates the proliferation of pituitary somatotroph cells during their development and regulates their ability to synthetize and secrete GH (Pierzchała et al., 2003) .
Skeletal muscle development is a highly regulated and complex process that directs myogenic precursor cells to differentiate into muscle fibres. Muscle regulatory factors (MRF) belong to a family of basic helix-loop-helix transcription factors that initiate the formation of muscle fibres and regulate the transcription of muscle-specific genes (Zhu et al., 2014) . The MRF family consists of four factors: MYOD1 (MYF-3), MYF-5, myogenin and MRF4 (MYF-6), encoded by MYOD1 (MYF3), MYF5, MYOG and MRF4 (MYF6), respectively, known as the MYOD family genes (Urbański et al., 2006) . The MYF5 gene is expressed in muscle cells during embryonic muscle development. This gene has been considered as a candidate gene for meat production and meat quality selection (te Pas et al., 1999) .
Leptin gene (LEP), commonly known as obesity gene, is a key factor controlling carcass fat content and meat mass. The fat content of carcass is an important polygenic trait in pig breeding practices. Research studies indicate that leptin (LEP) and its receptor (LEPR) play an essential role in food intake and energy balance (Georgescu et al., 2014) . Leptin is produced mainly by adipose tissue (adipocytes) but its expression is also stated in brain, heart, placenta, stomach wall and some neoplasms (Stępien-Poleszak et al., 2009) . The LEP was mapped on pig chromosome 18q13-q21. In swine this gene is composed of three exons and two introns (De Oliveira Peixoto et al., 2006) .
It was found that introduction of certain varieties with specific single nucleotide polymorphism (SNP) into pig populations can increase their breeding value (Caraballo et al., 2018) . So, the aim of this study was to investigate the association between GH, GHRH, MYF5 and LEP gene polymorphisms and farm traits of pigs.
Material and methods
In total, 143 unrelated animals belonging to Lithuanian Hair root samples were taken into plastic bags with references. Analyses were done in Lithuanian University of Health Sciences, K. Janušauskas Laboratory of Genetic (Kaunas, Lithuania). DNA was extracted from hair roots using DTT (1 M), Chelex 100, Proteinase K (20 mg/ml) chemicals (Thermo Fisher Scientific, Waltham, MA, USA). About 5 hair roots were cut and placed in a tube. A lysis mixture (DTT -7.5 µl, Chelex -200 µl, Proteinase K -10.7 µl) was prepared. The lysis mixture was added into tube with hair roots. The samples were incubated for 45 min at 56 °C. After incubation samples were heated at 94 °C for 10 min. The method of polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) was used to genotype GH, GHRH, LEP and MYF5 gene polymorphisms. PCR reactions were performed in 25 µl of reaction mixture containing 1 U Taq DNA Polymerase, 0.2 mM dNTP (Thermo Fisher Scientific, Waltham, MA, USA) and 1 µM of each primer pair (Table 1) using Applied Biosys-tems 2700 Thermal Cycler (Applied Biosystems, Foster City, CA, USA). The reaction conditions were: an initial denaturation step at 95 °C for 2 min; 35 cycles of denaturation at 94 °C for 30 s, annealing for 45 s at temperature presented in Table 1 and elongation at 72 °C for 45 s; and a final elongation step at 72 °C for 5 min. After amplification 10 µl of PCR product were digested with selected restriction enzyme (Table 1) according to producer recommendations (Thermo Fisher Scientific, Waltham, MA, USA). Visualization of the different genetic types was carried out by 3% agarose gel electrophoresis. The ethidium bromide was added to agarose to a final concentration of 0.5 µg/ml (Thermo Fisher Scientific, Waltham, MA, USA). Fragment identification was performed in ultraviolet light, using MiniBIS Pro Video Documentation System (DNR Bio Imaging System, Neve Yamin, Israel).
Statistical analyses
Investigative gene allele and genotype frequencies in each pig breed and entire selective population were examined. Actual and expected heterozygosity in the examined loci was determined in each breed and entire group of animals as well as deviation from Hardy-Weinberg equilibrium law was determined with the help of R 2.1.0 package (http:// www.r-project.org/). Chi-square test and Student T-test were calculated for comparison between categorical variables. Results were considered statistically significant if P < 0.05. The effect of genotypes on fattening and carcass characteristics was assessed by single factor analysis of variance (ANOVA).
Results

In a cross-section of pigs GH, GHRH, MYF5
and LEP gene variants were investigated. Frequencies of different variations of GH, GHRH, MYF5 and LEP genes were calculated in each examined breed (Table 2 ). For LEP gene two polymorphic sites were studied: U66254.1: g.3469T>C (HinfI restriction site) and U66254.1: g.1112G>A (TaqI restriction site).
In The comparison of genotypes of each examined gene revealed differences in fattening traits (Table 3) . The pig age needed to achieve 100 kg of body weight differed only between LEP (TagI) genotypes and was the lowest in AG genotype. The daily weight gain was influenced by genotype of MYF5, GHRH and GH. For MYF5 the daily weight gain was the highest for CC genotype, for GHR -CC genotype and for GH -AG genotype. FCR was increased in MYF5 GG genotype but for GHRH it was lower for CC and CA genotypes.
The MYF5 genotype did not influence any examined carcass traits. The LEP (TagI) genotype AG was characterized by lower backfat thickness, higher meatness content and higher weight of ham in comparison to genotype AA. The LEP (HinfI) TT genotype had the lowest backfat thickness, and the highest meatness and carcass yield in comparison to genotypes CC and CT. The carcass yield was also influenced by GHRH genotypes, and it was higher in AA genotype. The GHRH genotypes CC and CA were characterized by higher muscle depth in comparison to AA genotype (Table 4) .
After analysis of distribution of alleles, a genetic equilibrium in breeds was determined according to a Hardy-Weinberg principle. In order to evaluate the genetic equilibrium, a χ 2 criterion was calculated. There was no statistical difference between actual and theoretical heterozygosity for all examined breeds and crossbreeds (Table 5) . After assessing the effect of genetic factors, it was found that GHRH polymorphism (JX435113.1: g.405A>C) is significant for: daily weight gain (3.6%; with the highest value for CC genotype); FCR (5.4%; with lower value for CC and CA genotypes in comparison to AA genotype); muscle depth by 3.6% (the only gene which influenced this parameter, with higher value for CC and CA genotypes in comparison to AA one); carcass yield by 6.8% (the highest effect from all examined genes; with higher value for CC and CA genotypes in comparison to AA one) (Tables 6 and 7) .
LEP (TaqI) polymorphism (U66254.1: g.1112 G>A) is significant for: age to achieve 100 kg of body weight (1.4%; with better value stated for AG genotype); backfat thickness (1.3%; with lower back thickness in AG genotype); meatness (1.5%; also higher in AG genotype); and weight of ham (Tables 6 and 7) . LEP (HinfI) polymorphism (U66254.1: g.3469 T>C) is significant for: backfat thickness (1.3%; with the lowest value for TT genotype in comparison to CC and CT ones); meatness (1.8%; with the highest value for TT genotype in comparison to CC and CT ones); and carcass yield (3.9%; with higher value for TT genotype in comparison to CC and CT ones) ( Table 7) .
MYF5 polymorphism (Y17154.1: g2200G>C) is statistically significant for fattening traits such as: daily weight gain (2.8%; the lowest in CC genotype) and FCR (7.2%; the highest effect from all examined genes, which was stated to be the highest in GG genotype) ( Table 6 ).
The GH polymorphism (M17704.1: g.316G>A) is significant for daily weigh gain (3.9%; with the highest value for AG genotype) ( Table 6) .
Breed had a statistically significant effect on all indicators (Tables 6 and 7) .
Discussion
The results of our study on the LEP gene (HinfI) were different from those obtained by other researchers. For instance, Urban and Mikolašava (2006) found T allele in 0.867 frequencies (0.835 in Large White, 0.946 in Landrace and 0.625 in Duroc pig breeds), and that CC genotype is present only in 2.4% of livestock. Also Křenková et al. (1999) indicated that the T allele occurred at high frequency and CC genotype was not found in the Large White, Landrace and Pietrain crossbreed pig populations. Stępień-Poleszak et al. (2009) found in their study the correlation between LEP gene polymorphism (HinfI) and fattening and carcass trait. In the investigated synthetic pig line 990 (including Hampshire, Duroc, Polish Large White and various lines of Landrace) two LEP alleles (C and T) and two of the three possible genotypes (TC and TT) were identified. Observed frequency of T allele was 0.94 and of C allele -0.06. Most of the gilts had TT genotype (0.88) and the frequency of heterozygotes was 0.12. Kulig et al. (2001) in their study on Polish Landrace pig analysed differences between particular LEP genotypes connected with polymorphism in the HinfI restriction site (U66254.1: g.3469T>C) associated with fattening and carcass value. They found that an animal with CC genotype has higher daily weight gain in comparison with homozygous TT. Also, Blicharski et al. (2004) in the study on Polish White pigs found the highest daily body weight gains in animals with CC genotype in the same polymorphism. Daily gain was associated with fat content, so animals with CC genotype had the highest daily gain and fat content. Whereas, Kennes et al. (2001) obtained other results -in that study animals with TT genotype (HinfI restriction site) grew faster. In the present study LEP polymorphism (U66254.1: g.3469T>C) influenced backfat thickness, meatness and carcass yield.
GH gene may be potential candidate marker for marker assisted selection programmes. Several GH gene polymorphic sites had been reported and the effects of some sites on growth performance were investigated. Song et al. (2003) found pig breed differences in 506 bp fragment of GH. Pierzchała et al. (2004) found GH (MspI restriction site) and GH (HaeII restriction site) genotypes significantly related to the weight of ham, weight of ham meat and ham content of carcass. Knorr et al. (1997) demonstrated significant association of GH genotypes (polymorphism: M17704.1: g.316G>A) with eight carcass fatness traits. Wang et al. (2003) showed an association of GH gene polymorphism (ApaI restriction site) with carcass meat content in Yorkshire pigs. In the present study, daily body weight gain was influenced by GH polymorphism (M17704.1: g.316G>A) with the highest value in the CC genotype pigs.
After investigation of GHRH polymorphism, C allele with 0.260 frequency and A allele with 0.740 were found. Franco et al. (2005) noted that pigs with CC genotype had the smallest backfat thickness and the best fattening properties. In the present study very similar results were obtained. Pig with CC genotype with the polymorphism JX435113.1: g.405A>C had the highest daily weight gain, whereas CC and CA genotypes pigs had lower FCR, and higher muscle depth and carcass yield in comparison to AA genotype. Urbański et al. (2006) reported that porcine MYOD1 and MYF5 genes may be useful for selection aiming to improve the value of traits characterizing carcass meat deposition. Statistical analysis of MYF5 (HinfI polymorphic site) did not show any difference between CC and GG genotypes and weight of birth, slaughter weight, growing rate (te Pas et al., 1999) . The results of our study suggest that pig MYF5 gene influence fattening properties more than carcass traits. CC genotype pigs had the highest daily weight gain but lower FCR only in comparison to GG genotype.
Conclusions
The analysis of polymorphisms of the examined genes [miogenic factor 5 (MYF5), leptin (LEP), growth hormone releasing hormone (GHRH) and growth hormone (GH)] showed that animals with TT genotype of LEP (U66254.1: g.3469T>C) hadbetter carcass traits and those with CC genotype of GHRH (JX435113.1: g.405A>C) had better fattening traits. Moreover the most desirable TT genotype of LEP (U66254.1: g.3469T>C) had the highest frequency in Landrace pig breed and the CC genotype of GHRH (JX435113.1: g.405A>C) -in Yorkshire pig breed. From all examined genes LEP and GHRH genes polymorphisms seem to be the most preferable biomarkers of pig selection process.
